Background: Sorafenib and sunitinib are widely used as first-line targeted therapy for metastatic renal cell carcinoma (mRCC) in China. This study aimed to compare the efficacy, safety, and quality of life (QoL) in Chinese mRCC patients treated with sorafenib and sunitinib as first-line therapy.
Background
Molecular targeted therapy has shown promising results in different clinical trials and clinical practice, and it has been the preferred therapeutic option for patients with metastatic renal cell carcinoma (mRCC) [1] [2] [3] [4] [5] . Among new therapeutic agents, tyrosine kinase inhibitors (TKIs) such as sorafenib and sunitinib are used as first-line treatment agents for mRCC in China [6] . Although the efficacy of targeted therapies in terms of tumor growth control at metastatic sites is definite, their adverse events (AEs) are often major limitations. Furthermore, it is estimated that the severity of hand-foot syndrome, hypertension, diarrhea, and alopecia was higher in Japanese patients [7] than in Western patients [8, 9] . Thus, comparison of safety in clinical practice would provide important information for patient counseling and treatment decision-making.
According to the data in the Japanese study [7] , it is plausible that the quality of life (QoL) of Japanese patients might have been significantly impaired with the use of TKIs. Moreover, because the Chinese ethnicity closely resembles the Japanese ethnicity, the TKI therapy-associated QoL patterns might share similarities. QoL has been a curative effect index and an important parameter to evaluate treatment efficacy in recent clinical practices. Many QoL assessment tools are available. Among them, the Chinese version of the 36-Item Short Form Health Survey Questionnaire (SF-36) has been validated and is the most commonly used tool in Chinese patients [10] . A Japanese study on QoL of patients receiving different TKIs using SF-36 reported that neither sorafenib nor sunitinib was associated with significant impairments in QoL [11] .
Efficacy evaluation is important for targeted therapy. Although phase III trials compared the efficacy between pazopanib and sunitinib [12] and between axitinib and sorafenib [13] , no such attempts to compare efficacy, safety, and QoL impairments simultaneously between sorafenib and sunitinib as first-line treatment for patients with mRCC have been made. Only three retrospective studies directly compared the efficacy but not QoL impairments between sorafenib and sunitinib. Choueiri et al. [5] reported that the overall response rate was higher in the sunitinib group (37%) than in the sorafenib group (9%) in two oncology centers in the US. In contrast, no significant differences in overall survival (OS) and progression-free survival (PFS) between sorafeniband sunitinib-treated patients were observed in an Asian population (both P > 0.05), although sorafenib was concluded to be more favorable than sunitinib because of minimal grade 3 or 4 toxicities [14] . Recently, Sheng et al. [15] reported similar results in terms of OS and PFS of Chinese patients with mRCC (both P > 0.05) [15] . However, these studies were conducted with a small sample size and aimed to compare the efficacy and safety of sorafenib and sunitinib, but not the effect of these drugs on QoL.
In the present study, we retrospectively compared the efficacy, safety, and QoL impairments between sorafenib and sunitinib in Chinese patients with mRCC to further guide clinical treatment.
Methods

Study design and population
Data were retrieved from the electronic medical records of patients with mRCC who visited the Department of Urology in Renji Hospital affiliated to Shanghai Jiao Tong University School of Medicine (Shanghai, China) between March 2006 and July 2015. The study protocol was in accordance with the Chinese guidelines on the management of renal cell carcinoma (2015 edition) [16] and conformed to the principles of the Declaration of Helsinki.
mRCC patients who received sorafenib or sunitinib as first-line therapy with a Karnofsky performance status (KPS) score of 70-100 and completed the SF-36 questionnaire (Chinese version) at baseline and 3 months after treatment were included in the study. Informed consent was obtained from all patients. Patients who did not comply with the above criteria or had unstable or severe cardiac disease, uncontrolled brain metastases, concurrent malignancies, or incomplete data files were excluded. Personal information from medical records was anonymized and de-identified before analysis. Ethical approval was obtained from the Institutional Ethics Committee of Renji Hospital.
QoL assessment
The filled SF-36 questionnaires were assessed independently by two authors (Wen Cai and Wen Kong), and a third person (Jiwei Huang) was consulted to resolve any disagreements.
Clinicopathologic evaluation
Demographic information was retrieved from the medical record database. All patients underwent a pretreatment baseline evaluation including complete medical and physical examinations, complete blood count (CBC), routine organ function tests, computed tomography (CT), magnetic resonance imaging (MRI), and histological differentiation of tumor graded according to the Fuhrman's nuclear grading system.
Treatment
Sorafenib and sunitinib were used as first-line treatment in patients with mRCC. Sorafenib 400 mg was administered twice daily orally in a 4-week cycle, and sunitinib 50 mg was prescribed daily orally for the first 4 weeks in a 6-week cycle (4-week on/2-week off ) until disease progression, intolerable AEs, or death was reported. Dose titrations were done considering the patient's tolerance.
Follow-up and outcome measures
All the patients were suggested to have monthly disease assessment after the treatment to estimate the treatment response and AEs. At baseline and 3 months after the treatment, the SF-36 was completed during outpatient visits. The National Cancer Institute Common Terminology Criteria for Adverse Events v3.0 [17] was used for diagnosis and grading of AEs, based on which dose titrations were carried out. The treatment was terminated in patients who experienced serious AEs, disease progression, or unacceptable toxicity (≥4-week delay in recovery to a permissible level of toxicity despite 2 dose reductions), as defined by the response evaluation criteria in solid tumors (RECIST) [18] . After treatment, patients were followed up every month until they experienced discomfort or death. PFS and OS were assessed as endpoints. PFS was defined as the duration from the onset of targeted therapy to disease progression or death as assessed by the treating physicians or the last visiting day recorded if the disease did not progress. OS was defined as the duration from the onset of targeted therapy to death or the last visiting day. The prognostic outcomes were assessed according to the Memorial Sloan-Kettering Cancer Center (MSKCC) grading model [19] and the International Metastatic Renal-Cell Carcinoma Database Consortium (IMDC) prognostic model [20] .
Statistical analyses
All analyses were made using the SAS version 9.4 (SAS Corporation, Cary, NC, USA). Categorical variables are presented as counts and percentages and were compared between the sorafenib and sunitinib groups with the Pearson Chi squared test or the Fisher exact test as appropriate. The Kaplan-Meier method was used to estimate survival curves, and the log-rank test to compare PFS and OS between the sorafenib and sunitinib groups. Patients alive at the end of the study were censored at the last follow-up. SF-36 scores are presented as mean ± standard deviation (SD) and were compared using the unpaired t test. The means of individual scores were defined as cutoff points. Forward stepwise logistic regression analysis was used to determine associations between clinical characteristics and SF-36 scores. All statistical tests were 2-sided, and P < 0.05 was considered significant.
Results
Clinicopathologic characteristics
A total of 184 patients, with a median age of 60 years (range 24-83 years), were selected, and 141 of them were men. Of them, 110 received sorafenib and 74 received sunitinib as first-line treatment. No significant differences in baseline clinical characteristics were found between the two groups ( Table 1) . Fifteen (13.6%) patients in the sorafenib group and 10 (13.5%) in the sunitinib group received second-line targeted therapy due to disease progression.
OS and PFS
Kaplan-Meier curves of PFS and OS are illustrated in Fig. 1 . With a median follow-up of 23 months (95% confidence interval [CI] 18-29 months), the median PFS and OS of all the 184 patients were 11 months (95% CI 8-12 months) and 23 months (95% CI 19-27 months), respectively. The median PFS and OS were 10 months (95% CI 7-13 months) and 24 months (95% CI 15-31 months), respectively, in the sorafenib group, which did not significantly differ from the median PFS (11.5 months; 95% CI 9-12 months; P = 0.366) and OS (23 months; 95% CI 18-25 months; P = 0.552) in the sunitinib group.
Adverse events
The comparison of AEs between the sorafenib and sunitinib groups is summarized in Table 2 . The five most common AEs after treatment onset were hand-foot syndrome (67.3%), diarrhea (62.7%), fatigue (38.2%), nausea (37.3%), and hypertension (20.9%) in the sorafenib group and were hand-foot syndrome (59.5%), fatigue (44.6%), thrombocytopenia (40.5%), nausea (39.2%), and leukocytopenia (36.5%) in the sunitinib group. The treatments were well tolerated with few grade 1-2 AEs. The 3 most common grade 3-4 AEs were hand-foot syndrome (10.8%), diarrhea (1.8%), and anemia (1.8%) in the sorafenib group and were diarrhea (4.1%), leukocytopenia (4.1%), and hypertension (3.6%) in the sunitinib group. In the sorafenib group, 11 (10.0%) patients required dose reduction. In the sunitinib group, 9 (12.2%) patients required dose reduction.
Diarrhea was more common in the sorafenib group than in the sunitinib group (66.4% vs. 31.1%, P < 0.001), whereas higher rates of hematologic toxicities such as leukocytopenia (32.4% vs. 10.9%, P < 0.001), thrombocytopenia (37.8% vs. 10.9%, P < 0.001), and hypothyroidism (17.6% vs. 3.6%, P = 0.001) were observed in the sunitinib group than in the sorafenib group.
QoL
The baseline and post-treatment SF-36 scores did not significantly differ between the two groups (Table 3) . There was no significant difference in mean SF-36 scores at all the 8 dimensions between the sorafenib and sunitinib groups at both baseline and 3 months after treatment.
Univariate analysis indicated that the occurrence of grade 3-4 AEs were associated with decreased role-physical score (P = 0.013) and bodily pain score (P = 0.003) ( Table 4 ). The associations remained significant in multivariate analyses (P = 0.017 and 0.005) ( Table 5) .
Discussion
In the present study, we found that sorafenib has comparable efficacy and lower toxicity than sunitinib as first-line therapy for mRCC. AEs were associated with QoL impairments at the role-physical and bodily pain dimensions.
In the present study, the median PFS were 10 months in the sorafenib group and 11.5 months in the sunitinib group (P = 0.366). Our findings were similar to those from a study conducted in Korea by Park et al. [14] . In our study, the median OS were 24 months in the sorafenib group and 23 months in the sunitinib group (P = 0.552). Our data of OS were shorter than those from the Sheng et al. [15] study, but similar to those from the Park et al. [14] study, and proved that both sorafenib and sunitinib are equally effective as first-line treatment of mRCC in Chinese patients.
In addition to efficacy, toxicities of TKIs are significant factors to be considered while prescribing sorafenib and sunitinib. Randomized clinical trials reported that severe or grade 3-4 toxicities occurred in one-third of the patients treated with sorafenib [7] and two-thirds of the patients treated with sunitinib [21] . Hematologic toxicities are more common with sunitinib than sorafenib in our study. However, the severity of hematologic toxicities could be reduced with discontinuation of sunitinib [21, [23] , which may severely affect the QoL of patients. In our study, the rates of hematologic toxicities such as leukocytopenia (P < 0.001) and thrombocytopenia (P < 0.001) were significantly higher in the sunitinib group than in the sorafenib group, which were consistent with the results of previous studies [14, 15] . Hypothyroidism was also more common in the sunitinib group (P = 0.001), whereas diarrhea was more common in the sorafenib group (P < 0.001). The rates of TKI-related AEs vary among different ethnicities. Ye et al. [6] indicated that Chinese patients were more likely to experience hand-foot syndrome with sorafenib treatment than Western patients, and the occurrence rate in our center was 67.3%. A study in Japan showed that the most frequent AE was elevated lipase followed by handfoot syndrome and that 10.7% patients had serious AEs [9] . The TARGET study conducted in a Western population showed that diarrhea, rash, fatigue, and hand-foot syndrome were common AEs and hypertension and cardiac ischemia were serious AEs in patients receiving sorafenib treatment [7] . Toxicities of TKIs are also associated with the patient nutritional status. For example, Antoun et al. [24] reported that a low body mass index could be a predictor for a high rate of AEs in patients with mRCC treated with sorafenib. Thus, diverse patient clinical characteristics may lead to diverse rates of AEs in various studies. Assessment of the changes in QoL after receiving sorafenib or sunitinib treatment is important. Herrmann et al. [25] reported that pretreatment QoL could be a predictor of overall response and OS. Several studies have reported that QoL was not decreased significantly after sorafenib [26] or sunitinib treatment [27] . Furthermore, a phase II randomized controlled trial reported that patients receiving sorafenib treatment had better QoL assessed using the functional assessment of cancer therapy-kidney symptom index (FKSI) and greater treatment satisfaction assessed using the Treatment Satisfaction Questionnaire for Medication (TSQM) compared with patients receiving interferon-alpha treatment [28] . In our study, we observed no significant differences in mean SF-36 scores at all the 8 dimensions between the sorafenib and sunitinib groups at 3 months after the treatment. In a Japanese population, SF-36 scores before and at 3 months after TKI treatment also showed no significant differences [11] . We further analyzed associations between clinicopathologic characteristics and SF-36 scores. There were no significant associations between SF-36 scores and age, sex, MSKCC grade, IMDC risk, or treatment. However, the grade of AEs (grade 1-2 vs. grade 3-4) was independently associated with QoL at the physical functioning (P = 0.017) and bodily pain dimensions (P = 0.005). This result suggested that timely management of AEs of targeted therapy may eliminate their impact on QoL. Furthermore, a Japanese study observed that the 2-day on/1-day off dosing schedule of sunitinib significantly improved QoL compared with the 4-week on/2-week off dosing schedule [29] . Hence, comparison of the efficacy of TKIs with different dosing schedules is warranted for further validation.
This study has several limitations. First, this was a retrospective study at a single center with limited number of patients, which may cause potential bias of the inferences. The study population was limited to Chinese patients. In addition, to be eligible for the analysis, patients needed to have survived beyond 3 months so as to complete the SF-36 questionnaire at both baseline and 3 months after treatment. Second, a few patients who were intolerant to the drugs had dose titrations, and some switched to second-line targeted therapy, which might have influenced their QoL and survival. Third, the median follow-up was relatively short.
Conclusions
We demonstrated that sorafenib and sunitinib, as firstline treatment agents, had comparable efficacy on mRCC. Grade 3-4 AEs of TKIs may impair QoL at role-physical and body pain dimensions. Apart from this, neither of the agents had a negative impact on the overall QoL. Multicenter studies with long-term follow-up are warranted to further validate the findings of the present study.
